The sulfate transport mechanism of a marine bacterium, Alteromonas luteoviolaceus, was unique among microorganisms in its extremely low affinity for the sulfate analog thiosulfate. Distinguishing characteristics included weak inhibition of sulfate transport by thiosulfate, inability to transport thiosulfate effectively, poor growth using thiosulfate as the sole source of sulfur, and a mild effect of the sulfhydryl reagent para-hydroxymercuribenzoate. In contrast, sulfate transport by a marine pseudomonad, Pseudomonas halodurans, was strongly inhibited by thiosulfate, and para-hydroxymercuribenzoate reversibly but completely blocked sulfate transport.
The sulfate transport mechanism of a marine bacterium, Alteromonas luteoviolaceus, was unique among microorganisms in its extremely low affinity for the sulfate analog thiosulfate. Distinguishing characteristics included weak inhibition of sulfate transport by thiosulfate, inability to transport thiosulfate effectively, poor growth using thiosulfate as the sole source of sulfur, and a mild effect of the sulfhydryl reagent para-hydroxymercuribenzoate. In contrast, sulfate transport by a marine pseudomonad, Pseudomonas halodurans, was strongly inhibited by thiosulfate, and para-hydroxymercuribenzoate reversibly but completely blocked sulfate transport.
The close relationship between sulfur metabolism and protein synthesis in microorganisms (4, 17) has stimulated us to pursue the study of sulfate incorporation into protein as a measure of marine bacterial growth. However, studies of sulfur metabolism by marine bacteria are hampered by a large isotope dilution barrier imposed by the 25 mM sulfate concentration of seawater.
Sulfate transport systems in microorganisms exhibit a great degree of uniformity across phylogenetic boundaries, and a universal characteristic of the transport mechanism is the effective inhibition of sulfate uptake by a structurally related, more reduced sulfur compound, thiosulfate (1, 3, 5, 12, 14, 19, 20, 22, 23) . Furthermore, thiosulfate is an excellent source of sulfur for the growth of microorganisms (3, 9, 11, 16, 17) , and the reduced (sulfane) moiety is preferentially incorporated into the sulfur-containing amino acids relative to the sulfite moiety, or sulfate (6, 10 (Fig. 1) , with the inhibition constant, K'i, less than one-tenth the K,,, for sulfate uptake (3) . (13, 21) , and Fig. 2 shows that pHMB exerted a rapid and complete inhibition of sulfate uptake in P. halodurans which was partially reversed by the addition of the reducing agent dithiothreitol. In contrast, pHMB had very little effect on sulfate uptake by A. luteo-violaceus (Fig. 3) . The extent of inhibition was not increased with exposure time or preincubation, but was relieved by dithiothreitol. These data suggest that the mildly reduced sulfate uptake was not directly due to the action of pHMB, but rather to a secondary effect such as transport of glutamate, the energy source in these experiments. (1, 12, 14, 20, 22) , and frequently much more (5, 17) . When tested, these sulfate transport systems are also sensitive to pHMB, with rapid and nearly complete blockage of uptake (13, 21) . The action of the sulfhydryl reagent and the preference for thiosulfate in transport suggests that the reduced sulfur moiety of thiosulfate is an important component in the mechanism of its transport. The kinetics of sulfate and thiosulfate uptake in P. halodurans (3) are consistent with other reports in these respects. Sulfate transport in Salmonella typhimurium is sensitive to sulfhydryl reagents and thiosulfate, but the binding protein lacks these characteristics and contains no cysteine residues (14) . Thus it is likely that the unusual feature of the A. luteo-violaceus sulfate transport system is localized in the carrier protein rather than in a sulface-localized binding site.
The singular nature of the Alteromonas sulfate transport system presents an interesting possibility for marine microbial ecologists. Due to the very limited work on taxonomy of marine bacteria, most studies of bacterial distribution in the ocean are confirmed to organisms possessing distinctive traits such as bioluminescence (18) , but few species have been found which are so readily identified. The characteristic pigment produced by A. luteo-violaceus, violacean, is identical to the principal pigment of Chromobacterium sp. (2), for which a marine species has been reported (8) . The similarity in pigmentation, narrow nutritional capability, proliferation of extracellular hydrolases, and morphology has led Gauthier (7) to suggest that Chromobacterium marinum (8) and A. luteo-tiolaceus are indeed the same organism. The original strain of C. marinum was lost, however, so the issue has not been resolved. The unusual response of A. luteo-violaceus to thiosulfate is simple to test and may provide an additional taxonomic tool for identifying the organism in natural population enrichments. We have isolated A. luteotiolaceus from diverse habitats in the northwestern Atlantic Ocean, often from surfaces such as Sargassum weed and fish. Gauthier's organisms were isolated from the Mediterrean Sea. Its peculiar sulfate transport system may thus aid in a comprehensive investigation of the distribution of this widespread marine bacterium, which would be of interest to marine microbial ecologists.
